The determination of the centre-of-mass energies from the LEP1 data for 1993, 1994 and 1995 is presented. Accurate knowledge of these energies is crucial in the measurement of the Z resonance parameters. The improved understanding of the LEP energy behaviour accumulated during the 1995 energy scan is detailed, while the 1993 and 1994 measurements are revised. For 1993 these supersede the previously published values. Additional instrumentation has allowed the detection of an unexpectedly large energy rise during physics fills. This new effect is accommodated in the modelling of the beam-energy in 1995 and propagated to the 1993 and 1994 energies. New results are reported on the magnet temperature behaviour which constitutes one of the major corrections to the average LEP energy. The 1995 energy scan took place in conditions very different from the previous years. In particular the interaction-point specific corrections to the centre-of-mass energy in 1995 are more complicated than previously: these arise from the modified radiofrequency-system configuration and from opposite-sign vertical dispersion induced by the bunch-train mode of LEP operation. Finally an improved evaluation of the LEP centre-of-mass energy spread is presented. This significantly improves the precision on the Z width.
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Overview
The mass, m Z , and the width, Γ Z , of the neutral weak boson Z are fundamental parameters of nature, and the large electron-positron collider, LEP, at CERN near Geneva, Switzerland is the ideal place to measure them precisely. The first phase of operation of the collider, from 1989 until 1995, known as LEP1, was devoted to the study of the characteristics of the Z resonance. This paper concerns the LEP1 data delivered after 1992. In 1993 and 1995 energy scans of the Z resonance were performed at LEP in order to determine its mass and width. In both scans luminosity was delivered at the peak of the resonance, i.e. 91.2 GeV centre-of-mass, and two points approximately 1.8 GeV above and below the peak. In 1994 a large amount of data was collected at an energy close to the Z peak. These three datasets provide the largest part of the LEP data used to determine the parameters of the Z resonance, and, when the results of all experiments are combined, yield a statistical precision of about 1.3 MeV on m Z and 2.0 MeV on Γ Z .
The natural polarization of the LEP beams [1] allows a determination of the beam energy by resonant depolarization [2] (RD) with a precision of 200 keV [3] . A model to interpolate between RD measurements to determine the centre-of-mass energy (E CM ), at a level of accuracy comparable with the statistical precision, has been developed. The error contributions from the LEP energy uncertainties on the determination of m Z and Γ Z are approximately given by
where E P−2 and E P+2 are the luminosity-weighted centreof-mass energies at the two off-peak points. The details of the calibration data collected during the scan in 1993 are described in [4] . The 1995 energy scan was performed at approximately the same energies and gave similar integrated luminosities to those of the 1993 scan. However, several additional measurements were made: Nuclear Magnetic Resonance (NMR) probes were placed directly inside LEP dipole magnets, providing considerable new insight into their behaviour; more frequent calibrations by RD were performed usually at the end of fills 1 and six times also at the beginning, whereas in 1993 all RD calibrations during physics fills were made at the end. Some problems specific to the 1995 scan, namely the operation with bunch-trains and the use of a large number of superconducting cavities which were being commissioned for the LEP2 programme, required specific measurements. This report describes the determination of the LEP centreof-mass energies for the 1995 scan, and, applying the further understanding gained from these measurements, a revision of the 1993 and 1994 energies is given.
The model of the accelerator energy behaviour (Sect. 3) has to track the two basic quantities which could cause variation of the beam-energy: the magnetic dipole field component perpendicular to the beam trajectory (Sects. 6, 8) and the circumference of the accelerator (Sect. 7). The model has been significantly improved over the one described in an earlier publication [4] . In particular the thermal behaviour of the LEP dipole magnets has been studied in great detail (Sect. 5). Unsuspected phenomena causing drifts of the magnetic fields have been discovered and understood. The leakage currents from the Swiss-French railway power system, referred to as parasitic currents in this paper 2 , perturb the field of the LEP dipoles and are the cause of the systematic drift of the accelerator dipole magnetic field. The evidence for these drifts is discussed, and the inclusion of this effect in the model is described (Sect. 4) .
As a result of the discovery of these effects, the 1993 and 1994 energies are revised. It is explained how the parametrization of 1995 can be applied to the earlier years, and what data exist from these years to support this treatment (Sect. 6.1).
To obtain the centre-of-mass energy for each of the four LEP experiments requires additional corrections specific to each interaction point 3 (IP). These arise from the status of the LEP radiofrequency (RF) system (Sect. 10.1), and from the effect of opposite-sign vertical dispersion induced by the bunch-train operation in 1995 (Sect. 10.3).
The systematic errors on the centre-of-mass energy are given, together with their correlation between experiments and energy points (Sect. 11).
Finally, the knowledge of the beam-energy spread in 1993, 1994 and 1995 is summarized (Sect. 12). This is an important correction to Γ Z and to the peak cross-section. A direct measurement of the incoherent synchrotron tune has allowed a reduction of the associated systematic error by a factor of four compared to the previous determination [4] .
The data collected prior to 1993 have not been reanalysed, as most of the critical monitoring information was not available or was of lower quality. The LEP energy working group considers the published analysis [6] of these data to be adequate for the determination of the centreof-mass energies (see Sect. 11.2) while the determination of the centre-of-mass energy spread has been revised (see Sect. 12.5).
The 1993, 1994 and 1995 LEP runs 2.1 The datasets
In 1993 and 1995 energy scans of the Z resonance were made at three energy points: peak ('P'), at a centre-ofmass energy of 91.2 GeV, close to the peak of the Z resonance, and two points approximately 1.8 GeV either side
